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A methodology to assess internal exposure to thyroid from radioiodines for the residents living in
settlements located in the vicinity of the Semipalatinsk Nuclear Test Site is described that is the result of
many years of research, primarily at the Moscow Institute of Biophysics. This methodology introduces
two important concepts. First, the biologically active fraction, is defined as the fraction of the total activity
on fallout particles with diameter less than 50 microns. That fraction is retained by vegetation and will
ultimately result in contamination of dairy products. Second, the relative distance is derived as a dimen-
sionless quantity from information on test yield, maximum height of cloud, and average wind velocity and
describes how the biologically active fraction is distributed with distance from the site of the explosion.
The parameter is derived in such a way that at locations with equal values of relative distance, the biolog-
ically active fraction will be the same for any test. The estimates of internal exposure to thyroid for the
residents of Dolon and Kanonerka villages, for which the external exposure were assessed and given in a
companion paper (Gordeev 

 

et al

 

. 2006) in this conference, are presented. The main sources of uncertainty
in the estimates are identified.

 

INTRODUCTION

 

Dosimetry support of an ongoing epidemiological study
conducted by the U.S. National Cancer Institute in Kazakh-
stan includes individual thyroid dose reconstruction for
about 3,000 residents of eight settlements located near the
Semipalatinsk Test Site (STS) with different levels of expo-
sures. The total dose to thyroid consists of two components
external and internal (mainly from radioiodines accumulated
in the thyroid). Paper

 

1)

 

 considers the methodology and
results of external dose to the thyroid for the residents of
Dolon and Kanonerka villages. Those villages were selected

in order to make a comparison of the estimates of external
dose to the residents based on single historical measure-
ments and derived from thermoluminescence measurements
in bricks obtained from local buildings and electron para-
magnetic resonance measurements in teeth taken from local
residents. Dolon and Kanonerka were heavily exposed due
to event #1 exploded on August 29, 1949 and residents born
in 1935 (14 y old in 1949) were selected for dose assessment
in a companion paper.

 

1)

 

This paper presents the methodology and results of
assessment of internal dose to thyroid from radioiodines for
the population of the same two villages. In order to be con-
sistent with a companion paper

 

1)

 

 the residents of the same
age are considered here. Comparison of internal and external
doses to thyroid is discussed. In addition, some strengths and
weaknesses of the described methodology are indicated.

 

MATERIALS AND METHODS

 

A detailed description of the methodology to assess thy-
roid dose from internal exposure to radioiodines is given
previously.

 

2)

 

 The main issues of that methodology are
described in this paper. Similar to assessment of external
dose

 

1)

 

 the methodology of assessment of internal dose to
thyroid consists of two steps. In the first step the radiological
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conditions in a settlement located in the area of local fallout
are reconstructed. In the second step the dose assessment for
the population groups living at the location of interest is car-
ried out based on the reconstructed radiological conditions
taking into account their lifestyle and dietary habits.

To reconstruct parameters of the radiological conditions
that pertain to assessment of internal dose to thyroid, the
same input data (as for external exposure

 

1)

 

) are used in the
model:

• type and composition of fission material;
• date and time of explosion;
• height of radioactive cloud top (km);
• height of detonation above ground surface (m); and
• average wind speed over the height of the radioactive

cloud (km h

 

–1

 

).
The main parameters characterizing the radiological con-

ditions at the location of interest and used in the assessment
of internal dose to thyroid derived from the model are as fol-
lows:

• fallout arrival time, H+t (h);
• duration of fallout 

 

∆

 

t (h);
• fraction of the activity of the radionuclides in fallout

assigned to the biologically active particles with diam-
eter d 

 

≤

 

 

 

50 

 

µ

 

m, 

 

η

 

d 

 

≤

 

 

 

50

 

 (dimensionless);
• average concentration of radionuclides in ground-level

air during the time of radioactive fallout (Bq m

 

–3

 

);
• radionuclide ground deposition density at time H+24 h,

 

σ

 

∑

 

,24

 

 (Bq m

 

–2

 

);
• exposure rate at time H+24 h, P

 

24

 

 (mR h

 

–1

 

).

To assess internal thyroid dose to the residents based on
the reconstructed radiological conditions the following
parameters accounting for lifestyle and dietary habits are
used:

• age-dependent breathing rates;
• type of milk consumed;
• age-dependent milk consumption rates.
It is necessary to stress that two important concepts were

introduced in the methodology:

 

2)

 

(1) “Biologically active fraction”, defined as the fraction of
the total activity on fallout particles with diameter less
than 50 microns. That fraction is retained by vegetation
and will ultimately result in contamination of dairy
products.

(2) “Relative distance” derived as a dimensionless quantity
from the parameters of an event and meteorological
data. It describes how the biologically active fraction is
distributed with distance from the site of the explosion.
At locations with equal values of relative distance, the
biologically active fraction will be the same for any test.

The biologically active fraction, 

 

η

 

d

 

≤

 

50

 

, of fallout is esti-
mated according to the following equation:

 

η

 

d

 

≤

 

50

 

 = 1 – [1 – 0.6 

 

×

 

 (h

 

max

 

 

 

×

 

 V

 

av

 

)

 

–0.9

 

] 

 

×

 

 exp(–4 

 

×

 

 X

 

r
3

 

)
(1)

where

 

η

 

d

 

≤

 

50

 

 is the biologically active fraction of fallout, dimen-
sionless;

h

 

max

 

 is the height of the radioactive cloud top, km;

 

Fig. 1.

 

Variation of biologically active fraction with relative distance. Fitting of experimental data
received for various nuclear events conducted at the Semipalatinsk Test Site.
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V

 

av

 

 is an average wind speed over the height of the radio-
active cloud, km h

 

–1

 

; and
X

 

r

 

 is a relative distance, dimensionless.
The values of relative distance, X

 

r

 

, are calculated accord-
ing to the ratio:

X

 

r

 

 = (X 

 

×

 

 W

 

50

 

) / (h

 

max

 

 

 

×

 

 V

 

av

 

) (2)

where
X is a current distance along the trace axis, km; and
W

 

50

 

 is a sedimentation velocity for fallout particles of 50

 

µ

 

m; it is assumed to be equal to 0.73 km h

 

–1

 

 for soil
types typical for the STS.

Empirical dependence of biologically active fraction of
fallout versus relative distance was derived from fitting of
experimental data received for various nuclear events con-
ducted at the STS (see Fig. 1).

The above methodology was used for preliminary assess-
ment of thyroid dose from internal exposure to radioiodines
for the cohort members of an ongoing epidemiological study
in Kazakhstan.

 

3)

 

 Below is an example of application of the
methodology to the residents of Dolon and Kanonerka vil-
lages (the same settlements that were considered in a com-
panion paper related to external exposure

 

1)

 

). Table 1 gives
the input data

 

4)

 

 related to characteristics of the radiological
conditions in the villages that pertain to assessment of thy-
roid dose from internal exposure following the most signif-
icant events. The same group of residents born in 1935

 

1)

 

 (14
y in 1949) were selected to assess internal dose to thyroid.
Radioiodine intake with cow’s milk was the main pathway
for the residents of Dolon and Kanonerka. It is assumed that
cows were on pasture during a time period of a few weeks
after each test and that only milk of local origin was con-
sumed. Under those conditions, the contributions of other
foodstuffs, e.g., leafy vegetables or meat, to the thyroid dos-
es from internal irradiation are minor; hence, they have not
been considered in the calculations. Thus, only intakes of
radioiodines via inhalation and ingestion with cow’s milk

were accounted for. The thyroid doses from internal irradi-
ation were calculated for: (1) inhalation intake of 

 

131

 

I, 

 

133

 

I,
and 

 

135

 

I and (2) ingestion intake with milk of 

 

131

 

I and 

 

133

 

I.
The breathing rates were taken from ICRP 66;

 

5)

 

 while the
milk consumption rate was assumed to be 0.7 L d

 

–1

 

 for all
events. The values of the thyroid dose coefficients were tak-
en from elsewhere.

 

6)

 

RESULTS AND DISCUSSION

 

An example of thyroid dose estimates from internal expo-
sure for the considered residents of Dolon and Kanonerka,
assuming that no countermeasures were taken, are presented
in Table 2. According to

 

7)

 

 the main contributor (about 89%)
to thyroid dose from ingestion intake of cow’s milk was 

 

131

 

I.
In addition, the estimates of external exposure to the same
residents taken from

 

1)

 

 are presented in Table 2 for the pur-
pose of comparison of external and internal doses to thyroid.
The last column in Table 2 shows the ratio of dose to thyroid
from internal to external exposures for the residents born in
1935. This ratio varies greatly from about 1 to 30 for both
villages depending upon the event under consideration. It is
worth noting that for the most important event #1, which
resulted in the heaviest contamination of both villages the
internal and external doses to thyroid are estimated to be
very close to each other, while for event #148 which resulted
in much less contamination this ratio is estimated to be 32
in favor of internal dose. This is due to a physical phenom-
enon, that only fallout particles less than 50 microns are
intercepted and reliably retained by vegetation, because only
about 3% for Dolon and 6% for Kanonerka of total depos-
ited activity following event #1 are estimated to be on the
fallout particles with diameter less than 50 microns. Thus,
only small amounts of deposited activity reached residents
in these villages through cow’s milk.

In the companion paper

 

1)

 

 it was concluded that the esti-
mate of external dose (1.2 Sv) for the residents in Dolon fol-

 

Table 1.

 

Input data

 

4)

 

 related to characteristics of the radiological conditions that pertain to assessment of thyroid dose from internal
exposure following the most significant events for the residents of Dolon and Kanonerka villages.

Settlement

Event
Time of 
arrival of 
fallout, 
H+t, h

Duration of 
fallout 

 

∆

 

t, 
h

Biologically 
active fraction 

of fallout, 

 

η

 

d

 

≤

 

50

 

Average activity 
concentration in 
ground –level air 

during fallout, Bq m

 

–3

 

Ground 
deposition 

density at time 
H+24 h, 

 

σ

 

Σ

 

,24

 

, 
Bq m

 

–2

 

Exposure rate 
at H+24 h, 
P

 

24

 

, mR h

 

–1

 

Date Number

Dolon 29.08.49 1 2.4 2.0 0.03 5.5•10

 

8

 

4.3•10

 

9

 

1150

29.07.55 19 3.1 2.1 0.3 2.0•10

 

5

 

1.9•10

 

6

 

0.5

7.08.62 148 10.5 7.6 1.0 1.2•10

 

5

 

3.7•10

 

6

 

1.0

Kanonerka 29.08.49 1 3.0 2.4 0.06 9.7•10

 

7

 

9.3•10

 

8

 

250

29.07.55 19 4.2 2.8 0.58 1.8•10

 

5

 

2.2•10

 

6

 

0.6

7.08.62 148 13.2 9.4 1.0 9.1•10

 

4

 

3.7•10

 

6

 

1.0
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lowing event #1 should be considered as a possible maxi-
mum individual dose rather than the average dose to the
population. With respect to thyroid dose due to the consump-
tion of milk contaminated with 

 

131

 

I and 

 

133

 

I it is difficult to
assess the reliability of the presented estimates, because they
cannot be confirmed by any present-day measurement.
Moreover, the dose estimates depend on highly uncertain
parameters including the fraction of fallout debris intercept-
ed by plants, the solubility of fallout of different particles
sizes and at different locations, sites where cows consumed
pasture grass during a few weeks following the event if the
distribution of fallout was not uniform (as the case with
Dolon following event #1),

 

8,9)

 

 transfer coefficients for differ-
ent types of dairy animals, and the origin and amount of
milk consumed by each person. In addition, it is worth not-
ing that despite the overall concept of the presented meth-
odology reflecting the actual physics for close-in distances,
i.e. that generally only smaller particles are intercepted and
retained by vegetation and that heavier particles fall out fast-
er and thus at closer distances than smaller particles, the
methodology has a number of weaknesses. For example, the
estimates of the biologically active fraction of fallout are
related to the axis of the fallout pattern, while these values
should be raised with increasing off-axis distance. Also, in
the methodology the effects of fractionation are generally
neglected, whereas they should be accounted for.

It is important to note that the methods and estimates of
internal exposure to the cohort members included into the
epidemiological study conducted by the U.S. National Can-
cer Institute in the Republic of Kazakhstan are being revised.
The preliminary estimates of internal thyroid dose that are
given in this paper will be improved.

 

CONCLUSIONS

 

1. The ratio of internal to external doses to thyroid for the
rural population permanently residing in a settlement
contaminated due to a surface event strongly depends

(being more than one order of magnitude higher) upon
the fraction of the total activity on fallout particles with
diameter less than 50 microns.

2. Dependence of the biologically active fraction of fallout
versus relative distance considered in the methodology
is related to the axis of the radioactive trace. There is
also a dependence on the off-axis distance and this frac-
tion increases with an increase of the off-axis distance.

3. The methodology and the estimates of thyroid dose pre-
sented above are preliminary. They were used at an ini-
tial phase of an ongoing epidemiological study conduct-
ed by the NCI in Kazakhstan. The U.S./Russian joint
methodology that is being developed will lead to a
revised set of dose estimates.
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